RAPID COMMUNICATIONS

Event-by-event fluctuations of the charged particle ratio from nonequilibrium transport theory
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The event-by-event fluctuations of the ratio of positively to negatively charged hadrons are predicted within
the UrQMD model. Corrections for finite acceptance and finite net charge are derived. These corrections are
relevant to compare experimental data and transport model results to previous predictions. The calculated
fluctuations at RHIC and SPS energies are shown to be compatible with a hadron gas, thus, deviating by a
factor of 3 from the predictions for a thermalized quark-gluon plasma.

PACS numbeps): 25.75~q, 12.38.Mh, 24.10.Lx

In this Rapid Communication we exploit a novel idea ofa Let us shortly review the main ideas of the charge fluc-
signal proposed byl] based on event-by-event fluctuations tuations as elaborated [1]. The following connection be-
of theN, /N_ ratio (N, andN_ being positively and nega- tween the observable charge ratio fluctuations and the fluc-
tively charged hadronsin particular, we would like to pre- tuations of the elementary net charges of the system has been
cisely specify the observable which is to be compared witHlerived:
the prediction of Ref[1]. The magnitude of these fluctua- _ o 5
tions was estimated from thermodynamics to be a factor of 3 D =(Nen)(9R%)~4{5Q")/(Nen), D

different for a QGP compared to a conventional hadroniGyith Q== ,q,N,, wherea runs over all hadron/parton spe-
gas. The predictions dfl] were derived using a grand ca- cjes in the interval\y <y, in an event andj, is the charge
nonical ensemble and assuming a zero net charge. In a gragflthe species andN, is the number of particles of species
canonical ensemble charge is conserved only on the averagg, The ratio quctuation$5R2) are defined by

whereas charge is conserved event-by-event in real heavy ion

collisions and the model calculations presented here. The (6R?)=(R*)—(R)?, 2
assumption of a grand canonical ensemble thus is only valid .
in the limit of P=(Ngyy /{Nepo—0 and corrections to where the(---) denotes event averaging. The rat®

. =N*/N" is obtained for each event separately in the given
that are of the type (1 P) [1.2] Thus_, in order to compare rapidity intervalAy by counting the charges of the hadrons.
experimental data with the predictions [f], corrections

A . . Note that weak decays are not taken into account—in line
have to be applied, which will be presented here. 4

: with the experimental setups.
For our study of this observable, we employ the ultrarela-  pg already mentioned at the beginning of this Rapid

tivistic quantum molecular dynamid&JrQMD) model[3].  communication, the predictions fd obtained in[1] are
This model has been shown to reproduce the measured daigsed on a grand canonical ensemble assuming zero net
on event-by-event fluctuations in PPb collisions at the charge in the system. In reality, the system under consider-
SPS[4]. UrQMD is a microscopic transport approach basedation has a small but finite net charge. Also, the assumption
on the covariant propagation of constituent quarks and dief a grand canonical ensemble is only justified in the limit of
quarks accompanied by mesonic and baryonic degrees ¢f—0.
freedom. It simulates multiple interactions of ingoing and For a finite acceptance, transport model calculations and
newly produced particles, the excitation and fragmentatiorthe experimental data need to be corrected in order to be
of color strings, and the formation and decay of hadroniccompared with the predictions d¢fl] [see Eq.(12)]. One
resonances. At SPS and RHIC energies, the treatment of subbservation is that a®— 1, the charge fluctuation has to
hadronic degrees of freedom is of major importance. In thevanish because the global charge does not fluctuate. Also Eq.
UrQMD model, these degrees of freedom enter via the intro{1) is no longer valid in the same limit if the net charge of
duction of a formation time for hadrons produced in the frag-the system under consideration is nonzero.
mentation of stringg5]. The leading hadrons of the frag-  The complete analysis is fully explained in the upcoming
menting strings contain the valence quarks of the originapaper[7]. In this Rapid Communication, we list the key re-
excited hadron. In UrQMD they are allowed to interact evensults. In terms oN, andN_, the ratio fluctuation is given
during their formation time, with a reduced cross sectionby [8]
defined by the additive quark model, thus accounting for the SN SN 5
original valence quarks contained in that hadf@h. The <5R2>Ay= Riy<< + ) > , 3)

Ay

thermodynamics properties of the model in equilibrium are (Ni)ay (N)ay

similar to a Hagedorn gas with a limiting temperature of 135

MeV [6]. where(- - -),, is the event average in a given rapidity win-
dow Ay and
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In an ideal detector with full coverage, the ratio fluctuation is (SR o

Afm( <Nch>totaIT

total

, (C)

~ z3
< 2 R2>totaI: Wy I:ztzotal

P ©)
<N *>totaI<N +>t20tal

where(Ney) ay=P(Ncp)oral IS Used. FoP<1, the termAp is
negligible at SPS and at RHIC.
Let us summarize the correction factors that need to be

where Z, is the fixed total charge in the syste
0 g ySIeMin applied to take care of the effects of the finite net charge and

=(6N%)/(N_)~1. Here( - - - );ora denotes the event average the firit . i
in the full phase space. At SP&IR?) o~ 1% and at RHIC, € linite acceptance window. - -
(8R2) w1075, This is a consequence of the charge con- (A) In order to correct for the finite net charge within the

servation. No detailed information on dynamics can be Obgcceptance due to baryon stopping, one has to apply a factor

tained from Eq(5). Cy given by
Having a finite rapidity window modifies the above full 2
- : : -, (N3
phase space result in an essential way. The particle number C,= Riy: y (10)
in a given rapidity bin now has two independent sources of (N_>iy

fluctuations.
(i) Event-by-event fluctuation in the overall numbér of to the experimental data and the model calculations to com-

a given particle speciesdue to different impact parameters pare with the pion gas and quark gas resultidf
and inelasticities. (B) In order to correct for the finite bin size in rapidity,

(ii) Given a class of events with the saiNe, additional ~and in order to incorporate global charge conservation one
fluctuations in a specific rapidity window occur due to dif- has to rescale the experimental data and the transport model

ferent distributions of thé\, particles in phase space. predictions by a factor of
The squares of the fluctuations are additive. Note that the
grand canonical ensemble approach requides<Viota, Co=1-P=1— (Neway (11)
therefore the fluctuations frorti) are negligible as shown y (Nentotal
below.

Assuming that the fluctuatior(@) follow a binomial dis-  Thus, the basic observable to be compared with the predic-
tribution and that the probabilit? is the same for all species tions calculated if1] is

of particles, the number of fluctuations in a given rapidity
window are 1 quark gluon gas

N SR?
= M ={ 2.8 resonance gas

(ON)ay =P ONDrorart P(1=P)(N)ora CuCy 4  uncorrelated pion gas.
=P?(6N?) et (1= P)(N)4y, (6) (12)

) Again the subscriptAy denotes the average taken in the
where(---),, denotes the event average withlly and we  anidity acceptance, while the subscript “total” indicates the
”S?d“\t‘ﬁhhy:f(’\'cﬁhl)\ltgtal' N2 ded 1 et average in a 4 acceptance.

( 5Rr;> [ec fraE:) (é)] tgéypé faic>té>r, inntiee f?rst tgrmcggrs;crglg Figure 1 shows th® values as predict_ed by the UrQMD
(The sAgmé Hold;s for,the cross terjridence, the contribution. model (symbol§ as _compared {0 the estimates for t_he reso-
of the first term is( SR? in Eq. (5) T1h dt nance gagdashed lingand the quark gluon gasull line).

: |s.< ot N E£g. 5). The second term 1 ghown acceptance cuts are chosen according to the ex-
replaces(R) factor in Eq.(10) in Ref. [8] to yield perimentally accessible rapidity windows of the NA49 (2.5
=<y=4.5) and STAR (1=<y=1) detectors. One observes,
that the UrQMD model predictions of the charge ratio fluc-
tuations are in agreement with the expectations of a hadron
gas. This is also in line with results obtained from the

HIJING event generator, which yields B value of 3.1
- . . ) P +0.1[9] for the most central bin at the RHIC energy. The
The pgedlctlon given in Ref1] is for (Nep)ayD* —. Tg predicted fluctuations are a factor of 3 larger than the fluc-
extractD? _ from Eq. (7), we need to apply two COITeCtion y asions expected if a QGP was formed. Thus, the proposed
factors,C,=R3, andC,=(1-P). Collecting the correction ohservable—the charge ratio fluctuations—predicted for a
factors yields QGP cannot be mimicked by either multiple string breakup
nor strong rescattering effects which may drive the system
<Nch>Ay<5R2>Ay —(Ng)s Di—+AP“<Nch>A D2 . towa_lrds an equilibrated Hagedor_n gas beha~vior.
C.Cy y yo Figure 2 explores the fluctuation parameferas a func-
(8) tion of the width of the inspected rapidity windofy,
+(Ay/2)] in Au+Au, b<2 fm at \/s=200A GeV. Full
with squares denote the charge ratio fluctuation values obtained

ol

R: -
#) +(1-P)RE,D2_, (7

total

<5R2>Ay: < 5R2>total

whereD? _ is the expression given in E(L3) in Ref.[8].
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The corrected fluctuation parameted

=(Neway(SR?),y/(C,C,) as a function of centrality. Circles de-

note Pb-Pb collisions at 16Q GeV, while squares denote AtAu

collisions at\/s=200A GeV as predicted by the UrQMD model.
The dashed line shows the analytical predictions for a hadron gas
[1], while the full line depicts the value obtained from lattice QCD

[1].
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FIG. 2. Fluctuation paramet&=(N¢p,( 3R?)4,/(C,C,) and

D =(Neay(SR?),y as a function of the width of the rapidity win-
dow [y m* (Ay/2)] in Au+Au, b<2 fm at \/s=200A GeV as
predicted by the UrQMD model. Full squares denote the charge
fluctuation value obtained with all corrections included. Open

squares show the charge fluctuation valDesithout the correction

squares show the charge ratio fluctuation values without the
correction for finite rapidity window and net charge. In line predicted and shown to be compatible with a resonance gas
with the findings of{ 10], one observes a strong decrease inif all corrections are included. This observable can be easily
the fluctuation values if no correction is applied. However,studied as “Year 1” observable with STAR at RHIC. It can

the inclusion of the necessary correctigese Eqs(10) and

Fig. 1.

(11)] yields fluctuations similar to the ones obtained from aCERN-SPS.

resonance gas over all inspected rapidities. Notice further the Finally let us stress that it is the corrected observable
increase of the values obtained from UrQMD in rapidity defined in Eq.(12) that must be compared with our predic-
windows of Ay<2. This increase is due to the vanishing iions A measurement d=1 indicates the presence of a

correlations from resonance decays which is present at Iarg@Gp state in the system created by the heavy ion collision.
rapidity windows. Details are discussed[B] (see alsq2]).

In conclusion, the charge ratio fluctuations at SPS and This work was supported by the Director, Office of Sci-
RHIC energies are predicted from the UrQMD model andence, Office of High Energy and Nuclear Physics, Division
compared to a hadron gas and QGP estimate. It is shown thaf Nuclear Physics, and by the Office of Basic Energy Sci-
the UrQMD model results are compatible with the formationences, Division of Nuclear Sciences, of the U.S. Department
of a hadron gas at SPS and RHIC energies. The transpoof Energy under Contract No. DE-AC03-76SF00098. M.B.
model simulations predict fluctuations that are a factor of 3vas further supported by the A. v. Humboldt foundation.
larger than the fluctuations characteristic for QGP formationThis research used resources of the National Energy Re-
The dependence of the fluctuation on the rapidity width issearch Scientific Computing CentéNERSQ.
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